9«, lv? 



2004 ^12 ^2 0 (02.12.2004) PCT 



ao ) ^lP / 518677 

WO 2004/105025 Al 



(51) HBB^ItSHS 7 : 

(21) S&ttiM-^-: 

(22) HISgailiB: 

(25) BRgtrJISKDWlg: 

(26) Slg^OWlS: 



G11B 20/14, 20/10, 20/18 
PCT/JP2004/007451 
2004 *f 5 J325 B (25.05.2004) 
B*t£ 
B*|g 



(30) : 

#1812003-148122 2003 *f 5 £26 B (26.05.2003) JP 

(71) asiAr*ffl^^<^-c<ofi^BiicoLNx;: V-- 

4*3e#*t (SONY CORPORATION) [JP/JP]; T 1410001 
JKRffiBJII Edtp a pJH 6 T S 7 # 3 5 # Tokyo (JP). 



(72) f§SH#; 

(75) ^^/HHISiA^gllCOLNTO^tMlS^^JI- 
WARA, Yoshiyuki) [JP/JP]; f 1410001 JKjKffi&JNIZft 
SJH 6TS7f 35§V -— **3t#ttrt Tokyo (JP). 
#ff (INO, Hiroyuki) [JP/JP]; T 1410001 ^MfS 
i&JIIEttq^JII 6TB 7f 35§ V=-— fllStAttA 
Tokyo (JP). 

(74) itmXi 'M& H , *r(KOIKE, Akira et aL); T 100001 1 
1fg Tokyo (JP). 

(81) fi3£B]fMa>£i:lNKy s £-C(DM(DBlF*3M*< 
nTE^: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FL GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 



: (54) Title: SIGNAL PROCESSING DEVICE AND SIGNAL PROCESSING METHOD 
| (54) f&WO)^: <l-^j!aS^ESt/«^-ffiS^5S 




•^J (57) Abstract: There is provided a signal processing device for correcting non-linear distortion of a reproduction signal. The signal 
processing device includes a secondary adaptive equalization filter (16) connected in parallel to a primary adaptive equalization filter 
(15) for correcting non-linear distortion of an analog equalization signal x (k). The outputs of the primary adaptive equalization 
filter (15) and the secondary adaptive equalization filter (16) are added by an adder (17). The addition output is supplied as an after- 
S equalization output y (k) to a phase interpolation filter (18). The phase interpolation filter (18) performs phase interpolation according 
^ to the filter output of the primary adaptive equalization filter (15) and the filter output of the secondary adaptive equalization filter 
l-H (16). The filter output of the phase interpolation filter (18) is supplied to an ITR-PLL circuit (19). 

~* (k) *<^-r-52M&^£*tiE-r&f::#>ic. i xmfczfitzr-oi,* (is) *itz 2 xmizzf it 

)\,$ (i6) ^fisit&o i zimfemitz?* (is) t2&.m&mitz? * a 6) ji^^mtm. mm- 
m (17) izxisaw-zti. *-roauStB*iii* y (k) t Lx&msm?* )\,* 



o 



wo #u 105025 ai i iiiii iniiii ii Him imi inn inilMHi mn nm im 1111 iiui un limn mi mi 1111 



LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, Nl, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) jt^H^^cofc^igy* ±x<Dmm<Dfc&9km*<'*i 

m): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, SD, 
SL, SZ, TZ, UG, ZM, ZW), =L— =7 »>T (AM, AZ, BY, 
KG, KZ, MD, RU, TJ, TM), 3 — P V (AT, BE, BG, 
CH, CY, CZ, DE, DK, EE, ES, FL FR, GB, GR, HU, YE, 



IT, LU, MC, NL, PL, PT, RO, SE, SL SK, TR), OAPI (BF, 
BJ, CF, CG, CL CM, GA, GN, GQ, GW, ML, MR, NE, SN, 
TD, TG). 

— m&mmm&m 



(is) tcem£*t-5o &iaffiffiz> * jv* (is) i±. i *sij£3nt?.<;u* (is) ©7< )\,*mti£ 2&.mfc 

mtz>*)i,* (is) ju^Ui*icS^^Taffi<oMP B 1^fTdo -tifflffiRg^-r^* (is) ©7 ;u* ta*> 

l±, ITR-PLL(sm (19) l:^i*l^„ 



WO 2004/105025 



7JP2004/007451 



mmm 

^tHStt, H*Stfe^t 2003^5^260 fflKS n& B #*ftffiFttIS# 
^2 0 0 3 - 1 4 8 1 2 2 ^»SI<hbT«^*i^^5ST^ : b©'rfeD, £<DffiIii 

3^ UT7^-nifIiIBK:«fcoT«lfiJESnfcT^-n^fil-^ffla^n y # 

ffifflPlW^-^ (Phase Locked Loop: PLL) ttlB jt/fr^Nb ? *Y 
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MhVX, MB00H4^y HttTffi^BnSMR (Magneto Resistive) ^\ 

try h * h£3l^®d"f-il fcrt*JE< » &nTV>*. 

BaflHSflEJ^ifif^ttttlfcl^WS^^W-^M^* (Non Linear InterSymbol Inter 
ference : NLISI), ^IB»fc*frtSli#©Ri**©*»^tt39S'bfc 5*T« 

So 5fe-r-^^^5^^ 5^^;Pflr*«iaS«lCllS*n**/jNWIS2 5fti* (LeastM 
ean Square: LMS) 7 )V3 V X&fcZ&m^ft 1 frMJ&&fc7 4 fr* &mz-r 

jRm-r s d t. ifi&m t. l T«iE$ nx ^ § . 

&(d&w±. tcirdmm\z^^xn^n^2mmm^m^-t^^^fsi^y'/^m 

V^V^ii^#^T;i/rfU XAtf ^ £ £ Kick** ^^<Z)&rfc&^bg|^&fc£: 
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£fc, A^M-^^#^^^^«{4ffiIW|^;i/— y (Phase Locked Loop : PL 

^^g^w-^fc^ffi-r^tf-/ h • aw • tfy h^tts^tifc^miiiox^-i/ 
PLLtt«*iiSftb, -enfc:f#v>fcfy h • am • tfv h^ffiffj^ros^b^fefee. 

^tSnTV^o — *&«fc#^3£:7-f • :7^;i^ (Volterra fil- 

ter) £P¥fc£*U ^©jEffiKJ^lK ^;i/T7 • 7^JV^ttLMS^RLS 

T' Adaptive Polynomial Filters", V. John Mathews, IEEE SP Magazine, 

juiy. 1991 ppio-26j \zfemmm<k#)v^? • 7 <>( )v& (Dmtinfiwmz&mtsn 
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a £F 75: X ^ - 1/ - h £ It it "T % C t ^ *J * fc & * o 

10-261205 ^actt, mmz^n&mw<D#mmmm 
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B 1 fc^t J: 5 Jiij«©j|^I8i 1 0 OM^Cffll^ntffe. 

iii i \z^tm^BMBW .100 n — m&jtem n znx^&T-j-utfmmfflffl 

(voltage controlled oscillator : V C O) ^-^lilBgffl P L L 

A^HSMfx (t) n T^-n^ • i o i v mitts a/d 

n>A*-* 1 0 2 Dt^ y^M^I^nSo £(Z>5V S^;V«-*»«, 

5 s -r i?#)vmmmik7 -( )v# i o 3&aq£*@f^ft3P^ 105 jc#^$n& 0 

t§„ bA^^*i6 P L LSfS 1 0 4 fcttS^l^bSnfei^Tfttift < , 7 

^- n ^ 7 * \z «t § mit <o&ifittt>mzLm*kifi&ii& sns^tifes. 
/a3>a-^ io7t, m&mmmm^ cvco) 10 s^BM^tis. & 

*BK^fr^» 10 5H T^uif - 10 1 tJ;oT7tnm§tifc 

D/A3>A-^1 0 7 5^;MbSn&^<Z>#*B^<£ff-#*r*. 

VCO10 8tt, j^^^->>-feit-f if 1 0 g^SOftV^iHSftf c h£r 
UyZ f s £3EJ#b, A/D3>/t-^ 1 0 2l:Mt5. ^bt> A/D3> 

a-^ 102H ttfiB-y->yu >^ny^fs§ffl^Trto^ - 1 0 

— &&tem^mmmmz&\,*xfcm?,<Dm(D3: ; D\zp-L *Lmw.<D'&mzmi&m 



WO 2004/105025 




:T/JP2004/007451 



6 



_hfc#3^tB«<Z)f&-%<£>S NR^fl£Vi{g-^-^a->X^Afc^^T, #ft^^0>*: 

l.^tOTtSTOJtbT, SHaic J; Steffi 1^8! (Interpolated Timing Rec 
overy: ITR) J5^<0=T 4 *?9 ^i^SIIffl&ffi mMJV- T'&mm ft* nt ^ 
So T'A MMSE Interpolated Timing Recovery Scheme for The Magnetic R 

ecording Channel", Zi-Ning Wu, John M. Cioffi, et al. , Communications, 19 
97. ICC '97 Montreal, Towards the Knowledge Millennium. 1997 IEEE Intern 
ational Conference on, Volume: 3, 1997 ppl625 -1629 vol.3, J . &.Z$JCM 
r Interpolated Timing Recovery for Hard Disk Drive Read Channels* MarkS 
purbeck, Richard T. Behrens, Communications, 1997. ICC ' 97 Montreal, Tow 
ards the Knowledge Millennium. 1997 IEEE International Conference on, Vo 
lume: 3, 1997 ppl618 -1624 vol. 3j Kite. I TR^^l^feT^^^Jl'PL 

l &mm<mum^—&n*k<Dfrmizmm^&^8k&mm^nx^z>o z<d^^u 
tft i a & n £ m n m <d m & \z ? s z 1 1> m- m -c & s . 
m 2 \z\z, Mm.mmm'km^m itr-plli2 5 ot^cf^ *?9)vmi& 

fcft^Ml>FB4i^x (t) 7tn^7^fMl2Ha*b, T>5P- 

>/t — ^ 12 2 CA*$n§. 
A/D3>/t-^12 2ta, Mifc8C>'>-fe*tf-<U* 1 2 6 & 3 L v>*ivm 
mmzM^X^^^m^m. f s=a • f ch(a> 1 . 0)©it>7°'J >if&Uy& 
jJtMSnS. ^LT, A/D3>/t-^12 2lt Saia«»j»[ f s -ClWrBB'sy 
Ffl4i^SU->^'J>^b, B#^iJkT ! +)->y;V*n7c^\^ FBWx (k) 
)Vmjfcm4k7 4 fr? 123 tA*tS. 

}vmfo^fcy 4 )V& 12 3H Mx-fcf a° — ~>^;i/ • • ^ ^ 

XL IK IVS:tK^ne><7)tt&3IA-->^;V • 1/X^>7,&£\ fg©^^t<fc 
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oTUIB'N'yHSSitx (k) I TRK©f ^^^PLLli 

#IR&n*o I TR^*«^fcf>f ^^PLL 1 2 5lC*»tSU->^y >^ 

SincMifc, 5^ $?^;Wt#ffi3T?m> &ns#e©iBH»**CfcSincWafc, B>t 
IR7^;^-^7 7°itOT^en§. *>7'U >if\sfc 2 

*£Kttfc«j=R£* m 2 fc^L-fc i tr^p l LMSK:ajs*fl::7>f ;v^&W! 

ft-*§->tt$tW^ (SNR : Signal to Noise Ratio) OH£ * 5=- A , JK#j&*3UB£3; 
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#38 WO -fife f?£fW^©#il£^<^£*iSlEbT, ^©^PLLttfg 

5ttffl«Wl8t. ttffiilBlS*5»I*nfcilBHiIAfc«^Tffi*ilHII 
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m i ri-ntfv co^-xmm,i&mm p l Limic^ z??)iy-r )v?tt 

^4tt, arctan^MR^^ F#mmm^^)l'*^&&m~e%> 3 . 

® 7 tt, arctanffl©#M*HHS:MR'Ny n y * & § . 

B8it ftfr (1) (JPHcy-fXfeb) .;^->HT?*«. 

01OB, I«*ft«SDNR*fX*SNR©lfc«HT?*5. 
5. 

5fci\ fg 1 O^JSJ&SI&lttWt"S. ^(Dmi^^^m^, mm.ig.tfi (Magneto Re 
sistive : MR) <\y H^ffflUfcA-Hr^^ F7-f7>^MRA7 
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r (t) M$nS. l#«JE^Ifft«iJ£^t5, £ 

(t) te, pJ^fiJ#li'l'I^ (Variable gain amp 1 i f i e r : VGA) 1 l^rSiMb. 

T>^X-< U T->>^ • 7 j 1 2 fct, VGA 1 1 £S15Ii b t^n^E It^t fc^ 
2(D7±utf • ttS77^T^-n^S«jfU# (Auto gain control : AG C) 

mg& i 3 izmmzn&o ytn^AGcui^i 7to^-7>fx^<j7 

^;V^KT«#£*l7cSI^*te. VGAl ltii^tll). VGAllIt H^fe 
r (t) ©Jgi|i§<£>l/^;i/£:i«-r£o 

r^-n^ • t>^x-t ij7y>^- 207to^ - ^^;u^m^, 

-Ttefr*., ^fb^nfcff ^^fc^T^n^'fbm-^x (t) te, A/Drn>A — 

^ 1 4 &d t>#t^^n<&o A/Da>A < -^ 1 4^, pjT^oit >yu >y^^^fc 

TfftlEr^-ny^Hbll^-x (t) SiJ->^U>^t5. £(Z)A/D:3>/\<-^ 1 
4-r^^"Jkfc^>^U >tfZnfcmn&x (k) ii-r^o ZieEHMJkfclt^U 
>^$nfeT^"P^#^«^-x (k) te, l^J&^Hb:^;^ 1 5^2^ 

jS^'fb^^ ;v-^ 1 6 \zm&zn%o 

<ffc-r& 0 */h^^2^^ (Least Mean Square: LMS) 7 U XAfe E £rffi 

2Kmmmt'7'<)v? 1 era, MtBT^n^^bffi^x (k) *«tt**»» 
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m&ffijET&tc&iz, i y Ammmity-( 1 5 izmmiz&m-znzo 2&mm 
mtyj )v& 1 6 &m&7 4 )v#&mm\stcib<D7:$>z>. -r^? - 7 -ov 

& (Volterra filter) £P£k£n&o ^;Vf7 • 7 A i^ttLMSfe ^(DMfo^fik 

l&mmmit? j fr? i 5 iz2^mmmit7^ jv^ 1 6 ©^^;i/^tB*«, jo 
wmi 7 \zximw-zn, ^(DummtftemikWimtiy (k) ibx^^iipa^^ 

1 8 iiM^n^. fWl7^J^ 1 8te, l^ilJS^'fb^^^^ 15© 

7^ ;v^m^^ 2&M)&mik7j 1 6 (Dmx$>%7 ^ )i# mtnzm-3^x®: 

&mffim7J )V? 1 8 CD7^;V^{±1^«, I TR-PLL05&1 9^#i^2*l 
tffiif B l7^J^18^f)©PLLtlll*z (k) te^K^ffi;* 

1 6 ^iifts^n^o 

&\z, mmzmmm^m^mwrnwi o<Dmft\z-z>^xmm-tz><> vgaii 

te, T^-n^ • 7>^x-r U7y>^- 2©v^;V^m^^Sfcl^T 
y^-n^AGCHIE& 1 3 ^^cs6fcMfBT±n^ • ^-r Itit} <D$LMMim<D tf — 
^7 fit t Sffitft ffiflfi £(£>l/^;VX^ - <£> **5Mit <2 £ S T it* IBS £ ft -*t r 

( t ) <DW<)i&mm-?z>o 

7tn^-7>fX^iJ7^»^-7^^12tt, 7^ — ;V2ifD (7 pole 
2 zero) 7 )V? £ P R 4 mitm \z A ? * -^«5!4bUfc <D &m ^fc„ Z.<DT 

i-utf • r>^x-r 'j7-»y- 7>f;^i 2©T^-n^« 7^;i/^aj^^e>T 

^-P^AGCHISS 1 3 \Z^t<D$LMM^(D tf — fit £ 2& fcti ffi £ £>83^ (1/ 

VGA l l KfliMt-^ £ frrliipi^A/D n >a* — ^ l 4 © Xti fc}SlE& 

A/D3>A'-^ 14H, it>^U >;?Jl#tic£ fs=a« f ch (o=16/l 
5) tb£io A/D3>/t-^ 14(1 f>yU >^M&$C f s= a • f ch ( a = 

lexis) <Dzuy2\zxmm7i-u>fmikm^yi co £it>:/u 
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i xmm&fcy << i 5 1 z^m^m^y^ )v* i e < n ©«■ 

y (*)- 5> (1) (*,* )•*(*- *) + if ^> (a) (*.*i.*a > *(* " f i > ' ~ ) 

,=0 '1-0 ii" 0 

^jV^^^t. x (k) teP#£iJk^-tf->:/U >if^ntz.Xt]m^r. y (k) tel 

fc, 2**ft*fls:7-r;i^©ffi:ft©ttT?*«. m 1 ra 1 jfc*jfc*<fe:7-r 1 5 

<Z>*y^«, M2ra2 2fc3fiJfc*fti:7>r;i^ 1 6 *BRfcW:M2 
XM2fcHt0 2^^yyicSJI^ h CD (k, i) tt» 1^3*16^7^^ 

sSteTiBK^-r^ (2) -r^sns. 

5£2 

*<»>(* + i.O- >* (1) 0>i )■*(*-«) 

t.y J ;u*ffi*©W©«2£«*»*TIBfci*-r5* (3) ti^ns. 

5£3 

«(*)-<*(*)- y(*) 

^fc, m (i) i xmmmfcy j )v? 1 5 oxf^wx/^^-^f 

h (2) (k, il. 12) tt, 2M«fft7^^16 0iik^ 
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(4) T?*$nsc 

5£4 

fc< 2 >(fc + l,i ls i 2 )-* (a) (JWi.*. ) + n (2) e (fe)-^(fc-i 1 )*(*-i 2 ) 

t± (2) 2&mmmfcy ^ i 6©^fywx/t7^-^t*5. 
m i roi»it^its^7^5i:LT, i "Ammm^y-c i 5 «m i = i 

2, 2 #jgjftiHb:7^ 1 6 ~V\tM 2 = 8 *m V^feo 

I TRKSl^fcT^ i?^JVPLL 1 9l:*ltSit>^U > ?fr— & (Dmm\Z 

(null) jfc**S k t?SincH#c : £ffiV>, ffiffi©##IBto* (Tch/12 8) 

f i R7^;^t^oTM^iflt§f ^> fo^^itttt, 

»6n*F I R7^i^ • ^y^ , ««#*ffl^T'b«k^. t>7"U 
fc2^X«^^^^^#^^^ifi^UTffi^T^73^^^ : £ffl^T : b «t^„ 

fA MMSE Interpolated Timing Recovery Scheme for The Magnetic Recording 
Channel". Zi-Ning Wu, John M. Ciof f i, etal., Communications, 1997. ICC 
97 Montreal, Towards the Knowledge Millennium. 1997 IEEE Internat ionalCo 
nference on, Volume: 3. 1997 ppl625 -1629 vol.3, J > RtfXWi I"" Interpo 
lated Timing Recovery for Hard Disk Drive Read Channels' Mark Spurbeck, 
Richard T. Behrens, Communications, 1997. ICC ' 97 Montreal, Towards the 
Knowledge Millennium. 1997 IEEE International Conference on, Volume: 3, 



WO 2004/105025 



:T/JP2004/007451 



14 

1997 ppl618 -1624 vol. 3J foJttDlto&ifiWt Is < ili^ ?IT V* « 

tzmf&mte7>( )i>*\z&k&rrz>o Jbasufci?*, 2^ii^#{b7^ ^^«. 

If *lfttfcH*2 0 te, W*fc£PR4ffllf*lf*feffiS&-T?&9, B5r*!jkfc::feW*3a 



5£ 5 



1+ (2t/ pwf 



&*Mt;JI&^K (Normalized Linear Density :NLD) tbT£it§. A 
£ n _ i/ > y $j ^ -c ^ b ti£ -f b S 3£ fiS JUS <£> M 5t £ & O tf — ^ iS ^ X & ^ o 

mrs^7 H-,A^$n5if (i) T?^$nfcn-u>5/«[^ 

14, «rflBA*«*fc»bTW*«JE36«#i»»&«#*-r*JltT*<5. * 1 
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ODAffl^^tt^^-ro - ET?raJfctfe©fc*fc*»Jft#y = x tMRA^ H^^V 
#M*JBJ&*Fy = arctan (x) xiBMRAy M^i^ y«lte:# 

mj&\titl&7F^fco ^<Dm 4 IC&V^T, y=arctan (x) (£> A^JlBHT x 0 . 

IgSy^f X^«ff Wf^i^A'Cfet:-^ h^t-^ (peak to peak) T? 
*5«fc*-±l. 0tfe5t#^.5ti§. Ifc^oTAMfx OtgH (-1.0... 

i.o ) &aictmmom^fcffc^z-?z>At}%.mm (-0.5 ... 0. 5 > \z^mv. 

T©:£ (6) Jc»l©*Jfi»ttT?ffl^fcarctaiia(OMR^y 



5£ (7) T7'»^hU*RS)l*tS. 



y = 2 J arctan — + Ajc |- arctan (Ax) 




a + P 

tz V , a, (7) <£9RT<£>5S; (8) , (9) X*mznZ>o 
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a = | 2 {arctan (0.5 + Ax )- arctan (Ax )}| 
P=| 2 {arctan (- 0.5 + Ax )- arctan (A* )}| 

^^(DSp^i^IVavete:^ (10) Tg$n5. 
S10 

2 

tsa^^^^y^fX (AW G N : Additive White Gaussian Noise) <D^Z& 
&;£-r3o MRAyHHi*«ffli8iiiE^>GMRS, 1. 0 Kl 

feSJ:3fc:<i£, -r^t>"fe, TIBfc^-TS: (1 1) it^c 
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Z.(DUfe<Dlo hTrMmfSLAtl SNR^itOi 5 iCAWGNOM O^t^^^S 

(t) <D§ii$.7Uy>7<Dmm.m*7*To H7K*^T, «&J§m£ife7g£j£8B3 1 
fftfE5£ (5) 0P-V>yW^t5. MRAyK*8i?flH»3 2tt 
BflfBaS (6) bfc£toXarctan^<D#l£?#^#fc 

£7c, 0 7te:*3V>T, ^Kt*BS3 3«, f&!35£ (1 1) ofcMRA^ Fffi^J 

i£7£x (t) S^tSJlt^tS. 

K±KR«tfc^TU>^Sfc«t0^bfcMR'\y HS^ft^x (t) 

T->>* h U S^ofcltfEMR^y FS4tix (t) 0 3}:^tA/D 

H >A — ^ 1 4 Ci^A/DMTiboT, I TR^^ ^;I/PLL|I 

f&tblz. 7>^Ar- ^ 100, O0Q&-vmjfcmfc7 << )V*<D# bU — ~>tf 

{bl&fPSr^lhbfcJKSST?^ >^At-^ 1, 000, OO0K«kS ig^^-fb^S DNR (S 
ignal and Distortion to Noise Ratio) , jl^ — V— b (t* v h • A-f • t: y h 

©DC7'J - W, n — • UXi£>X • 9 7* IV (P R 4) 

y>^hU$R=0. 2 2<hbfc 0 J^T. fflmofc»fc2^igjS«^b7>f 
^£^:7b2i*§^£^# (1) , t>Cb&i^**fr (2) A^SN 
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Rte, 2 1-2 7dB©«HT«ft^t&. 

R4T-T • — >*j**T. 0 8ttt*tt (1) <D#fl^7^ • A°^->, 09 

(2) <D#<bt^y-r 

2 ^jSj^^fki^^ i 6 ^^fflbtv^^i 8©7^ • — feme 
<D±*ft (u) £T^# ( d ) nr* <D*.&isifi&#m~?&*)* My^i* 
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